Certain strains of oral Actinomyces spp. are killed by polymorphonuclear leukocytes (PMNs) in the absence of antibodies and complement (16) . Recently, the mechanism by which Actinomyces viscosus T14V and Actinomyces naeslundii WVU45 recognize and are ultimately destroyed by PMNs has been elucidated (18) . The marked enhancement of PMN-dependent bactericidal activity by the exogenous addition of sialidase indicates that the initial event in this process is the unmasking of PMN receptors for the bacteria by sialidase, an enzyme produced by these Actinomyces spp. (6) . Subsequently, the galactose-reactive lectin associated with the type 2 fimbriae of the bacteria (4, 13) interacts with the receptors exposed on the phagocytic cells, and, as indicated by electron microscopic examination carried out in conjunction with viability assays, phagocytosis and killing of the bacteria occur. Conclusive evidence for the involvement of the type 2 fimbriae in PMN-dependent bactericidal activity has been obtained by the use of bacterial mutants of different fimbrial phenotypes. A. viscosus T14V possesses both type 1 and type 2 fimbriae (4), whereas A. naeslundii WVU45 has only type 2 fimbriae (5). The parent strains, as well as a mutant of A. viscosus T14V with only type 2 fimbriae, are ingested and killed, whereas mutants lacking the type 2 fimbriae are not. The involvement of the lectin associated with these fimbriae is implicated by the finding that lactose and 3-methylgalactoside inhibit phagocytosis of Actinomyces spp. possessing the type 2 fimbriae, whereas cellobiose and a-methylgalactoside are ineffective.
Although the attachment of the type 2 fimbrial lectin to its complementary receptors on PMNs provides a means of host defense against these early colonizers of oral surfaces, * Corresponding author. the concomitant release of PMN-derived enzymes and reactive oxygen intermediates might contribute to inflammation of the surrounding host tissues. We have, therefore, investigated the abilities of A. viscosus T14V and of a mutant lacking fimbriae to stimulate the respiratory burst in PMNs and to stimulate the release of constituents of primary and secondary granules from these phagocytic cells.
A. viscosus T14V, the T14V mutant selected for the absence of fimbriae by repeated incubations with anti-type 1 and anti-type 2 monospecific antibodies, and the bactericidal assay have been previously described (18) . In all cases, bacteria were incubated with PMNs on a rotator at 37°C for 2 h, since bacterial killing was greatest at this time. Only 5% of 107 A. viscosus T14V cells remained viable following incubation with PMNs, as determined by colony counts after sonication to disrupt the phagocytic cells (Table 1) . In contrast, the nonfimbriated mutant was not killed. In addition to those cultures assayed for viability, two sets of parallel cultures were established. The incubation mixtures in one of the sets contained ferricytochrome c (Sigma Chemical Co., St. Louis, Mo.) in the presence or absence of superoxide dismutase (Sigma). After incubation, N-ethylmaleimide (Sigma) was added at a final concentration of 1.0 mM, the tubes were centrifuged, and the supernatants were analyzed spectrophotometrically for superoxide (14) . A. viscosus T14V stimulated the production of superoxide anions, and this effect was related to the number of bacteria added to the phagocytic cells (Table 1 ). The nonfimbriated mutant was incapable of initiating this response when 107 bacteria were added and was only minimally active when the concentration of bacteria was increased 20-fold. The third set of cultures was centrifuged, and lactoferrin and Pglucuronidase concentrations in the supernatants were de- termined by enzyme-linked immunosorbent assay (14) and by conversion of the chromogenic substrate, phenolphthalein glucuronic acid (14) , respectively. A. viscosus T14V was a potent stimulant of the release of lactoferrin, a constituent of the secondary granules, in cultures containing 2 x 108 bacteria ( Table 1 ). The nonfimbriated mutant lacked this ability. Under the assay conditions used, the release of ,-glucuronidase from primary granules was identical in cultures containing only PMNs and in those containing PMNs and either of the two strains of bacteria. These findings demonstrate that the fimbriae of A. viscosus T14V mediate the interaction of these bacteria with PMNs and that, in conjunction with bacterial killing, the PMNs produce superoxide anions and release the contents of their secondary but not their primary granules.
The lectin associated with the type 2 fimbriae initiates the PMN-dependent destruction of A. viscosus T14V (18) . To determine if other PMN responses to this bacterium are also mediated by the lectin, saccharides were used as potential inhibitors of the production of superoxide anions. Lactose and 3-methylgalactoside (Sigma) at final concentrations of 100 mM were effective inhibitors of this response, whereas cellobiose and a-methylgalactoside (Sigma) failed to inhibit it (Table 2 ). This pattern of saccharide inhibition is similar to that observed for inhibition of PMN-dependent killing of A. viscosus T14V (18) , blocking of the interaction of this bacterium with Streptococcus sanguis 34 (13) , and inhibition of the attachment of A. naeslundii WVU45, a strain that possesses only type 2 fimbriae, to epithelial cells (3). Thus, the lectin associated with the type 2 fimbriae is clearly implicated in the interaction of A. viscosus T14V with PMNs, resulting in the production of superoxide and, presumably, also the release of lactoferrin but not ,-glucuronidase. The finding that the Actinomyces lectin is unable to stimulate the release of ,-glucuronidase is reminiscent of earlier studies, in which another lectin, concanavalin A, of plant rather than bacterial origin, was shown to initiate the release of superoxide anions and components of secondary but not primary granules (9) . It is of interest that Taichman Their experimental conditions differed from ours in that their cultures contained 8.3 times as many PMNs, and although ,-glucuronidase was detected in the supernatants of cultures to which 1.25 x 109 bacteria were added, optimal release required 2.5 x 109 to 5.0 x 109 bacteria. These findings raise the possibility that additional recognition mechanisms may be operative at increased concentrations of bacteria and PMNs.
In conjunction with the definition of the biological consequences of the recognition of PMNs by the Actinomyces lectin, the molecular basis of this process, including identification of the galactose-containing receptors on the phagocytic cells and characterization of the bacterial adhesin, is under investigation. The type 2 fimbriae can be partially dissociated into subunits of 59 kilodaltons, and the gene encoding this subunit has been cloned (7). It is not known whether the lectin activity resides in this subunit or is a distinct protein that forms a functionally active complex with the type 2 fimbriae as has been recently described for the adhesins associated with the S (15), P (10), and type 1 (S. N. Abraham, J. D. Goguen, and E. H. Beachey, J. Cell. Biochem. Suppl. 11B:121, H200, 1987) pili of Escherichia coli.
In addition to the galactose-reactive lectin on the Actinomyces spp., the mannose-reactive lectin associated with the type 1 pili of strains of E. coli has been implicated in the interaction of these bacteria with PMNs. These mannosesensitive pili mediate the attachment of E. coli to PMNs and the subsequent phagocytosis of this bacterium (1, 2, 12, 17, 19), as well as the stimulation of PMN chemiluminescence (11) and oxygen metabolism (8) . The last response is induced not only by bacteria but also by latex beads coated with type 1 pili. These findings and those presented in this paper concerning Actinomyces spp. emphasize the potential importance of host defense mechanisms and inflammatory responses that may occur independently of antibodies and activation of the complement system. 
